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paradigms 
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H.I.C. – a system 
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Obtaining 3D radii from 3D correlation functions 
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Spherical harmonic representation of 3D data 
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Spherical harmonic representation of 3D data 
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For femtoscopic correlations :
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Spherical harmonic representation of 3D data 
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Spherical harmonic representation of 3D data 
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We are not alone... 
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We are not alone... 
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non-femto “large-Q” behaviour - various approaches 
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Average matrix element - factorization 
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Correlations arising (only) from conservation laws (PS constraints): 

The k-particle distribution 
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k-particle distribution in N-particle system 
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Effects on single-particle distribution 
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k-particle correlation function 
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How do EMCICs look ? – nontrivial ! 
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“the system”… a nontrivial concept 
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“the system”… a nontrivial concept 
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2 12T 2 0.10 ÷1.5 GeV2

E 3
2
T + m 3T 0.36 !1 GeV



“the system”… a nontrivial concept 

 

N,  E ,  E
2

,  pT
2

,  pZ
2
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Maxwell - Boltzmann parent 
d

3
N

d
3
p

~ e!E /T

non - rel ultra - rel if T = .15 ÷ .35

pT
2 2mT 8T 2 0.045 ÷ 0.98 GeV/c( )

2

E
2 15

4
T

2
+ m

2 12T 2 0.10 ÷1.5 GeV2

E 3
2
T + m 3T 0.36 !1 GeV

DO%

 

Blastwave,  T = 100 MeV   !
0

= 0.9

pT
2

"
= 0.240   GeV

2
        pT "

= 0.405   GeV( )

mT "
= 0.435  GeV

mT

2

"
= 0.259  GeV

2

DO%
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C p1, p2( ) = Norm ! 1+ " ! Kcoul (Qinv ) 1+ exp #Rout
2
Qout

2 # Rside
2
Qside

2 # Rlong
2
Qlong

2( )( ) #1$
%

&
'{ } (

1# 2M1

!
p1,T !

!
p2,T{ } # M 2 p1,Z ! p2,Z{ } # M 3 E1 !E2{ } + M 4 E1 + E2{ } #

M 4( )
2

M 3

$

%
)
)

&

'
*
*

 

i Five parameters found in any femtoscopic analysis: Rout
2 ,  Rside

2 ,  Rlong
2 ,  !, Norm

i Four parameters related to underlying parent distribution (independent  of  kT!)

M1 =
1

N pT
2

                 M 2 =
1

N pZ
2

M 3 =
1

N E
2
" E

2( )
                 M 4 =

E

N E
2
" E

2( )

Femtoscopic correlations and EMCICs 
(experimentalists’ recipe) 

GH%I*(JK?#"%:%!L&%<MI%!"%ENOFEP%QDEERS%



Fits to p+p data  (STAR @ QM09) 
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Fits to p+p data  (STAR @ QM09) 

4(%5"'(%6%%7+1#'*+8%+/%,-+88"/9%:%;/-1+82%<1+=>?@+/%6%AB&%6%3%C>/$%DEEF% Du%

]2*`*a&U8JS&UQJb*34567* ]2*`*a&UQJS&UPJb*34567*

]2*`*a&UPJS&U%Jb*34567* ]2*`*a&U%JS&UW&b*34567*

D2,-*'@4BC0C<+@V%%

 

  N   = 14

pT
2

= 0.17 (GeV / c)
2

pz
2

= 0.32 (GeV / c)
2

E  = 0.68 GeV

E
2
= 0.50 GeV

2
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Don’t forget - EMCICs even for k=1 
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EMCICs even for k=1 
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EMCICs even for k=1 
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Multiplicity evolution of spectra - p+p to A+A (soft sector) 
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IMPT: What changes with multiplicity…? 
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Multiplicity evolution of spectra - p+p to A+A (soft sector) 
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By popular demand 
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Blast-wave : simultaneous description of spectra, HBT 
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Combined fit: consistent flow-based description 
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Combined fit: consistent flow-based description 



Combined fit: consistent flow-based description 
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Combined fit: consistent flow-based description 
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Combined fit: consistent flow-based description 
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l@+\m*Q"9/+1"/9%;!IWI'S%

l@+\m*Q"9/+1"/9%;!IWI'S%

;!IWI'%Zg4A*?V*7;@@4B+Y;<9*

C+"/-%'8$?-1(bVAd%A7%r-%

;!IWI'%/@44*+Ae>9=4A*

-+%'8$?-1(%:%r-%-+%'8$?-1(%

;!IWI'%Zg4A*?V*7;@@4B+Y;<9*

C+"/-%'8$?-1(bVAd%A7%r-%

8[8%?+55"'"+/'%'*+T%'(4$%g+T%

'"9/(5'%('%L[L%?+55"'"+/'%



Implication: A+A is just a collection of flowing p+p? 

•!B+j%%p>"-$%-*$%+88+'"-$H%

–!/40=;97;'C7+BBV*

•! L[L%5++#'%5"#$%(%c"9%A5('-7(0$%

•! -,#%'>8$18+'"@+/%+Y%'4(55%A5('-7(0$'%

•! L[L%*('%-*$14(5"s$=%95+c(552%

–!9'47=@+*

•! '>8$18+'"@+/%+Y%'8$?-1(%Y1+4%8[8%*('%

'(4$%'*(8$%('%(%'8$?-1>4%Y1+4%8[8j%

•! 1$5(k(@+/%+Y%<H,H%?+/'-1("/-'%"/="?(-$'%%

L[L%*('%-*$14(5"s$=%95+c(552%

•! 1(-*$1w%8[8%5++#'%5"#$%(%_5"z5$%L[L`%

nO%4(%5"'(%6%%7+1#'*+8%+/%,-+88"/9%:%;/-1+82%<1+=>?@+/%6%AB&%6%3%C>/$%DEEF%



Implication: A+A is just a collection of flowing p+p? 

nn%4(%5"'(%6%%7+1#'*+8%+/%,-+88"/9%:%;/-1+82%<1+=>?@+/%6%AB&%6%3%C>/$%DEEF%

+<C9;=@;'C7*h;\*

f!L[L%'*+T'%"/?1$('$=%'"9/(5%

+0$1%'>8$18+'"@+/%+Y%8[8%

f!"'%-*$%8[8%'"9/(5%_g+T`%ee%

•!B+j%%p>"-$%-*$%+88+'"-$H%

–!/40=;97;'C7+BBV*

•! L[L%5++#'%5"#$%(%c"9%A5('-7(0$%

•! -,#%'>8$18+'"@+/%+Y%'4(55%A5('-7(0$'%

•! L[L%*('%-*$14(5"s$=%95+c(552%

–!9'47=@+*

•! '>8$18+'"@+/%+Y%'8$?-1(%Y1+4%8[8%*('%

'(4$%'*(8$%('%(%'8$?-1>4%Y1+4%8[8j%

•! 1$5(k(@+/%+Y%<H,H%?+/'-1("/-'%"/="?(-$'%%

L[L%*('%-*$14(5"s$=%95+c(552%

•! 1(-*$1w%8[8%5++#'%5"#$%(%_5"z5$%L[L`%



Summary 
•! ;:!%?+/'$10(@+/%"/=>?$'%8*('$'8(?$%?+/'-1("/-'%Tb%$k85"?"-%B%=$8$/=$/?$%

–!'*+>5=%/+-%c$%"9/+1$=%"/%Q?1>?"(5jS%%B6=$8$/=$/-%?+48(1"'+/'%

–!'"9/"r?(/-%$X$?-%+/%D6%Q(/=%P6S%8(1@?5$%?+11$5(@+/'%|?HYH%)55"-1(>5-w%A+19*"/"w%y+5+'*"/h}%

–!h(-4%'"/95$68(1@?5$%'8$?-1(%Q+o$/%/$95$?-$=%c$?(>'$%/+%_1$=%g(9'`S%

nN%4(%5"'(%6%%7+1#'*+8%+/%,-+88"/9%:%;/-1+82%<1+=>?@+/%6%AB&%6%3%C>/$%DEEF%

#d^EHPn6EHN%



Summary 
•! ;:!%?+/'$10(@+/%"/=>?$'%8*('$'8(?$%?+/'-1("/-'%Tb%$k85"?"-%B%=$8$/=$/?$%

–!'*+>5=%/+-%c$%"9/+1$=%"/%Q?1>?"(5jS%%B6=$8$/=$/-%?+48(1"'+/'%

–!'"9/"r?(/-%$X$?-%+/%D6%Q(/=%P6S%8(1@?5$%?+11$5(@+/'%|?HYH%)55"-1(>5-w%A+19*"/"w%y+5+'*"/h}%

–!h(-4%'"/95$68(1@?5$%'8$?-1(%Q+o$/%/$95$?-$=%c$?(>'$%/+%_1$=%g(9'`S%

•! U$4-+'?+82%:%,8$?-1(%

–!"/%VHWHIHw%T$55%>/=$1'-++=w%=$-("5$=%r/9$181"/-%+Y%g+T%

–!MVWI%a%r1'-%+88+1->/"-2%Y+1%="1$?-%?+48(1"'+/%T"-*%8[8%

–!(??+>/@/9%Y+1%;!IWI'w%"=$/@?(5%g+T%'"9/(5'%"/%8[8%

•! "'%88bLL%8*2'"?'%0$12%'"4"5(1w%+1%(1$%4$('>1$4$/-'%"/'$/'"@0$%-+%="X%8*2'"?'e%

•! X+9*,,*?47;04*=K4*@4/4@4<74*9V9=40*/;@*''*C<*<;<:'4@=>@?+Y^4*947=;@ccc*

•! d*$14(5"s(@+/w%*(=1+/"s(@+/w%0$12%$(152%?+5+1%=2/(4"?'h%

nu%4(%5"'(%6%%7+1#'*+8%+/%,-+88"/9%:%;/-1+82%<1+=>?@+/%6%AB&%6%3%C>/$%DEEF%



Summary 
•! ;:!%?+/'$10(@+/%"/=>?$'%8*('$'8(?$%?+/'-1("/-'%Tb%$k85"?"-%B%=$8$/=$/?$%

–!'*+>5=%/+-%c$%"9/+1$=%"/%Q?1>?"(5jS%%B6=$8$/=$/-%?+48(1"'+/'%

–!'"9/"r?(/-%$X$?-%+/%D6%Q(/=%P6S%8(1@?5$%?+11$5(@+/'%|?HYH%)55"-1(>5-w%A+19*"/"w%y+5+'*"/h}%

–!h(-4%'"/95$68(1@?5$%'8$?-1(%Q+o$/%/$95$?-$=%c$?(>'$%/+%_1$=%g(9'`S%

•! U$4-+'?+82%:%,8$?-1(%

–!"/%VHWHIHw%T$55%>/=$1'-++=w%=$-("5$=%r/9$181"/-%+Y%g+T%

–!MVWI%a%r1'-%+88+1->/"-2%Y+1%="1$?-%?+48(1"'+/%T"-*%8[8%

–!(??+>/@/9%Y+1%;!IWI'w%"=$/@?(5%g+T%'"9/(5'%"/%8[8%

•! "'%88bLL%8*2'"?'%0$12%'"4"5(1w%+1%(1$%4$('>1$4$/-'%"/'$/'"@0$%-+%="X%8*2'"?'e%

•! X+9*,,*?47;04*=K4*@4/4@4<74*9V9=40*/;@*''*C<*<;<:'4@=>@?+Y^4*947=;@ccc*

•! d*$14(5"s(@+/w%*(=1+/"s(@+/w%0$12%$(152%?+5+1%=2/(4"?'h%

nR%4(%5"'(%6%%7+1#'*+8%+/%,-+88"/9%:%;/-1+82%<1+=>?@+/%6%AB&%6%3%C>/$%DEEF%

_W-%"'%(%?(8"-(5%4"'-(#$%-+%-*$+1"s$%c$Y+1$%+/$%*('%=(-(H̀ %%

a%,"1%L1-*>1%I+/(/%t+25$%X#<(-D!&#,&]$G(!1!<Y&

_W-%"'%$0$/%T+1'$w%T*$/%+/$%<(!%=(-(w%-+%"/'"'-%>8+/%-T+%+1-*+9+/(5%

-*$+1$@?(5%"/-$181$-(@+/'%Y+1%-*$%'(4$%'2'-$4(@?'H̀ %

%a%<1+YH%!"#$%&"'(%
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